Context-Fatigue and sleep disturbance are common problems in oncology patients and their family caregivers (FCs). However, little is known about factors that contribute to inter-individual variability in these symptoms or to their underlying biologic mechanisms.
Introduction
Fatigue is the most common symptom reported by oncology patients undergoing radiation therapy (RT) (1) (2) (3) , with prevalence rates of between 25% to 99% (4-7). In addition, while often not evaluated in oncology patients, prevalence rates for sleep disturbance range from 24% to 95% (8) (9) (10) . Both of these symptoms have negative effects on patients' mood and quality of life (11) (12) (13) . However, the mechanisms that underlie the development of these symptoms remain to be elucidated.
Equally important, recent evidence suggests that fatigue and sleep disturbance occur with similar prevalence rates in family caregivers (FCs) of oncology patients (14, 15) . While high levels of these two symptoms may be related to the physical and psychological stressors associated with caring for a patient with cancer (16) (17) (18) , the molecular mechanisms for these symptoms require investigation.
Most studies of fatigue and sleep disturbance in oncology evaluated patients and FCs separately. However, recent evidence suggests that patients and FCs experience similar levels of these two symptoms (19, 20) . While the factors that contribute to the development of fatigue and sleep disturbance may be different in patients and FCs, it is plausible to hypothesize that these factors produce similar physiologic processes that are mediated through similar molecular mechanisms.
Several lines of experimental and clinical evidence suggest that pro-inflammatory cytokines may mediate the effects of a variety of physical and psychological stressors (21) (22) (23) . In fact, in a recent study of breast cancer survivors (24) , higher levels of ex vivo monocyte production of interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-α) were found in survivors classified with persistent fatigue compared to nonfatigued individuals. In a follow-up candidate gene study with the same sample of breast cancer survivors (25) , the presence of at least one cytosine at IL1-β c.-511 C>T (rs16944) and homozygosity for either variant of the IL6 c.-174 G>C (rs1800795) genotype (i.e., GG or CC) was associated with being in the fatigued group. While the major limitation of these two studies is the small sample size (n=50), they provide preliminary evidence that pro-inflammatory cytokines are associated with increased levels of fatigue in breast cancer survivors.
Additional evidence for the role of pro-inflammatory cytokines in the development of fatigue and sleep disturbance in both oncology patients and their FCs comes from work by our research team that evaluated whether a functional polymorphism in TNF-α (c.-308 G>A (rs1800629) promoter polymorphism) was associated with overall ratings of fatigue and sleep disturbance as well as with the trajectories of these symptoms (26) . No differences were found in patients' (n=168) and FCs' (n=85) self-reported levels of fatigue or sleep disturbance. However, in this sample, common allele homozygotes reported significantly higher levels of morning fatigue and sleep disturbance compared to minor allele carriers. Multivariate analyses demonstrated that age and genotype were predictors of both mean symptoms scores, as well as the trajectories of these symptoms.
Based on these initial studies in oncology patients and their FCs (24) (25) (26) , additional candidate gene studies of pro-inflammatory cytokines are warranted to evaluate the role of genetic polymorphisms in the development of fatigue and sleep disturbance. IL6 is a pleiotrophic cytokine, produced by both lymphoid and nonlymphoid cells, that plays a key role in inflammation (27) . Within-population differences in IL6 concentrations are known to be due to both genetic and environmental influences (28) . This genetic difference is exaggerated during inflammatory events, when IL6 concentration increases in response to diverse stimuli (29) . Two single nucleotide polymorphisms (SNP) of IL6 have been studied in detail (i.e., the common -174 G>C variant (30) and the less frequent c.-572 G>C allele (rs1800796) (31) ). The -174C allele was associated with higher IL-6 serum concentrations in several studies (32) (33) (34) , with no effect in one study (35) , and with lower concentrations in another study (36) . With the -572 G>C SNP, carriers of the rare C allele had higher IL-6 concentrations (37). Recent work suggests that genetic variation in the distal IL6 promoter region (i.e., IL6 c.-6331 T>C (rs10499563)) plays an important role in IL6 gene regulation and is associated with increases in IL6 concentration in common allele homozygotes (27) .
Taken together, these converging lines of evidence suggest that a genetic variation in the IL6 gene might contribute to differences in the severity of fatigue and sleep disturbance experienced by oncology patients and their FCs. In this study, we sought to extend our previous work on the genetic determinants of symptoms (26) and determine, in the same sample of participants, if a functional polymorphism in IL6 was associated with overall ratings of evening fatigue, morning fatigue, and sleep disturbance as well as with the trajectories of these symptoms. We hypothesized that differences in the severity of evening fatigue, morning fatigue, and sleep disturbance would be associated with genetic variation in IL6, as measured by the c.-6101A>T (rs4719714) functional promoter polymorphism. This polymorphism is in complete linkage disequilibrium (LD) with the IL6 -6331 T>C polymorphism, which is associated with higher serum concentrations of IL6 in common allele homozygotes (27) . Therefore, we further hypothesized that common allele homozygotes for the IL6 -6101 A>T polymorphism would report higher levels of these three symptoms.
Methods

Participants and Settings
This study is part of a large, longitudinal study of multiple symptoms (15, 19, 20, 26 ) that recruited 288 participants (i.e., 185 oncology outpatients with breast, prostate, lung, or brain cancer and 103 of their FCs). All patients met the following inclusion criteria: >18 years of age; able to read, write, and understand English; Karnofsky Performance Status (KPS) score of ≥ 60; and scheduled to receive primary or adjuvant RT. Patients were excluded if they had metastatic disease; had more than one cancer diagnosis; or had a diagnosed sleep disorder.
Following their recruitment, patients were asked to identify the person most involved in their care (i.e., their FC). FCs were eligible to participate if they: were >18 years of age; were able to read, write, and understand English; had a KPS score of > 60; were living with the patient; and did not have a diagnosed sleep disorder. Participants were recruited from RT departments located in a Comprehensive Cancer Center and a community-based oncology program. This study was approved by the Institutional Review Boards at the University of California, San Francisco and the community site.
Of the 472 patients approached, 185 consented to participate. The major reasons for refusal were being too overwhelmed with their cancer experience or too busy. In addition, 103 FCs consented to participate. Of the 288 participants, DNA could be recovered from the archived buffy coats of 253 (i.e., 168 patients and 85 FCs). No differences were found in any demographic and clinical characteristics between patients who did and did not choose to participate in the study or in those participants for whom DNA could and could not be recovered from archived specimens.
Instruments
A demographic questionnaire provided information on age, gender, marital status, education, ethnicity, employment status, and 26 comorbidities. In addition, participants completed the KPS scale (38) .
The 21-item General Sleep Disturbance Scale (GSDS) was used to evaluate various aspects of sleep disturbance (i.e., quality and quantity of sleep, sleep onset latency, number of awakenings, excessive daytime sleepiness, medication use). Each item is rated on a 0 (never) to 7 (every day) scale. Subscale scores are calculated as well as a total score that is the sum of the 21 items that can range from 0 (no disturbance) to 147 (extreme sleep disturbance). The GSDS has well-established validity and reliability in shift workers, pregnant women, patients with cancer and HIV, and FCs of oncology patients (19, 20, (39) (40) (41) . In this sample, the GSDS Cronbach's alpha was 0.83.
A fatigue severity score was calculated as the mean of the 13 items on the Lee Fatigue Scale (LFS) and could range from 0 to 10, with higher scores indicating higher levels of fatigue. In order to assess diurnal variations in fatigue, participants completed the LFS within 30 minutes of awakening (i.e., morning fatigue) and prior to going to sleep (i.e., evening fatigue). The LFS has well-established validity and reliability in healthy individuals, patients with cancer, and FCs of oncology patients (15, 20, 42) . In this sample, the Cronbach's alphas were 0.96 for morning and 0.94 for evening LFS ratings.
Study Procedures
At the time of the simulation visit (i.e., approximately one week prior to the start of RT), patients were approached by a research nurse to participate in the study. If the FC was present, the research nurse explained the study protocol to both the patient and FC, determined eligibility, and obtained written informed consent. FCs who were not present were contacted by phone to determine their interest in study participation. The research nurse visited these FCs at home to complete the study procedures.
At the time of the simulation visit, participants completed the demographic questionnaire and the GSDS, and had their blood drawn. In addition, they were taught to complete the LFS within 30 minutes of awakening and before going to bed each evening for two consecutive days. The LFS was completed 16 times (i.e., at the time of the simulation visit (i.e., baseline), weekly during the course of RT, every two weeks for two months, and once a month for two months following the completion of RT. The GSDS was completed seven times (i.e., at baseline, at the middle of RT, at the end of RT, and once a month for four months after the completion of RT). Patients and FCs returned the completed questionnaires to the research nurse either in the RT department or by mail.
Genetic Analysis
DNA was amplified by whole genome amplification (GenomiPhi DNA Amplification Kit, GE Healthcare, Piscataway, NJ) from archived buffy coat specimens. The IL6 c.-6101 A>T promoter polymorphism (rs4719714) was screened by TaqMan allelic discrimination assay (Assay ID: C_27953170_10; Applied Biosystems, Foster City, CA).
Statistical Analyses
Data were analyzed using SPSS Version 15.0, and Hierarchical Linear Modeling (HLM) software (43, 44) . Descriptive statistics and frequency distributions were generated on the sample characteristics and symptom severity scores. Independent sample t-tests and Chi-square analyses were performed to evaluate for differences in demographic characteristics and mean symptom severity scores between patients and FCs. In addition, to account for the non-independence between some patients and FCs, a multilevel model analysis was performed to confirm the independent sample results.
The gene-counting method was used to determine allele and genotype frequencies. A test for deviation from Hardy-Weinberg expectation, a common indicator of genotype assay error, was evaluated by the goodness-of-fit χ 2 test (45).
In order to estimate the association between IL6 gene variation and the average level of each symptom over the six months of the study, mean scores for evening and morning fatigue (i.e., LFS scores) and sleep disturbance (i.e., GSDS scores) were calculated for 16 and seven assessments, respectively. Independent sample t-tests were used to evaluate for differences in mean GSDS scores and morning and evening LFS scores between genotype groups. For these analyses, patient and FC data were combined into a single sample because tests of the potential interaction between IL6 genotype groups in symptom scores were not dependent on patient versus FC status.
Multiple linear regression was used to assess the effect of IL6 genotype and other covariates on mean evening and morning LFS scores and GSDS scores. Predictor variables included: IL6 genotype, age, gender, and ethnicity. Each predictor retained in the final model was required to have a P-value of ≤ 0.10. Although the criterion of P ≤ 0.05 is used as the formal threshold for significance for the majority of the analyses, for both the univariate and multivariate genetic analyses, a P-value of ≤ 0.10 was adopted in order not to miss a suggestive association between genotype and symptom severity score (46) . HLM, based on full maximum likelihood estimation, was used to evaluate the effects of IL6 genotype on the trajectories of fatigue and sleep disturbance (43, 44) . First, intra-individual variability in the symptom over time was examined. In this study, time in weeks, refers to the length of time from the simulation visit to four months after the completion of RT (i.e., six months with a total of 16 or seven assessments). Three Level 1 models, which represented that the participants' symptom level (a) did not change over time (i.e., no time effect), (b) changed at a constant rate (i.e., linear time effect), and (c) changed at a rate that accelerates or decelerates over time (i.e., quadratic effect) were compared. For the Level 1 modeling, the Level 2 model was constrained to be unconditional (i.e., no predictors) and likelihood ratio tests were used to determine the best model. These analyses identified the change parameters that best described individual changes in fatigue and sleep disturbance over time.
Then, inter-individual differences in the trajectories of fatigue and sleep disturbance were examined by modelling the individual change parameters (i.e., intercept, linear and quadratic slopes) as a function of proposed predictors. The predictors that were evaluated in the HLM analyses were those that were identified as significant in the regression analyses. Only predictors that maintained a significant contribution in conjunction with other variables were retained in the final model. Because these analyses were exploratory, a P-value of ≤0.10 was use to indicate statistical significance.
Results
Participant Characteristics
As summarized in Table 1 , the majority of participants were female, White, and well educated. No differences were found between patients and FCs in any demographic characteristics except gender and marital status. Compared to the patients, a higher percentage of the FCs was female and married/partnered. None of the FCs were a patient's blood relative (i.e., 97.6% were spouses/partners, 2.4% were friends).
Allelic and Genotypic Characteristics of the Sample
The frequency of the rare allele homozygote group in the entire sample was 3.2% (TT) which is consonant with population estimates available in public databases (dbSNP). The genotype distribution met Hardy-Weinberg expectations (P=0.69). No gender differences were found in the distribution of IL6 genotypes. Given the prohibitively low frequency of the rare allele homozygote group (n = 8), for all of the subsequent analyses, the IL6 genotypes were collapsed into 91 (36%) carriers of the rare allele (AT/TT genotypes) and 162 (64%) common allele homozygotes (AA).
Differences in Mean Fatigue and Sleep Disturbance Scores
As shown in Table 1 , no differences were found in mean evening LFS, morning LFS, and GSDS scores between patients and FCs. As shown in Figure 1 , common allele homozygotes (i.e., AA) reported significantly higher evening and morning LFS scores, as well as higher total GSDS scores than minor allele carriers (i.e., AT/TT).
Regression Analyses of IL6 Genotype and Symptom Severity
For each of the regression analyses, age, gender (male (0), female (1)), ethnicity (White (0), Nonwhite (1)), and genotype (AA (0), AT/TT (1)) were entered in as predictor variables. For mean evening fatigue, 14.4% of the total variance (P<0.0001) was explained by the optimal combination of all of the variables in the model. The unique contribution (R 2 change) of the significant variables in the model is as follows: age (6.6%, P<0.0001), gender (1.7%, P=0.03), and genotype (3.8%, P=0.001) such that younger age, female gender, and the AA genotype were associated with higher mean evening fatigue scores.
For mean morning fatigue, 14.4% of the total variance (P<0.0001) was explained by the optimal combination of all of the variables in the model. The unique contribution (R 2 change) of the significant variables in the model is as follows: age (9.4%, P<0.0001) and genotype (1.2%, P=0.06) such that younger age and the AA genotype were associated with higher mean morning fatigue scores.
For mean sleep disturbance, 9.1% of the total variance (P<0.0001) was explained by the optimal combination of all of the variables in the model. The unique contribution (R 2 change) of the significant variables in the model is as follows: age (4.0%, P<0.0001) and genotype (3.5%, P=0.002) such that younger age and the AA genotype were associated with higher mean sleep disturbance scores.
Trajectories of Evening Fatigue, Morning Fatigue, and Sleep Disturbance
The first stage of the HLM analyses examined how evening fatigue, morning fatigue, and sleep disturbance levels changed from the time of the simulation visit to four months after the completion of RT. The second stage of the HLM analyses tested the hypothesis that the pattern of change over time in evening fatigue, morning fatigue, and sleep disturbance varied based on predictor variables that were identified in the regression analyses.
Evening Fatigue-The estimates of the quadratic change model are presented in Table 2 (unconditional model). Because the model had no covariates (i.e., unconditional), the intercept represents the estimated amount of evening fatigue (i.e., 4.28) at the time of the simulation visit. The estimated linear rate of change in evening fatigue, for each additional week, was 0.075 (P<0.0001) and the estimated quadratic rate of change per week was −0.003 (P<0.0001). It is important to note that it is the weighted combination of the linear and quadratic terms that define each curve.
As shown in the final model in Table 2 , the three variables that predicted inter-individual differences in the intercept for evening fatigue were age, gender, and genotype. Baseline evening fatigue was entered in Level 2 as a predictor of the slope parameters to control for intra-individual differences in evening fatigue at baseline. The variable that predicted interindividual differences in the slope parameters for evening fatigue was baseline level of evening fatigue.
To illustrate the effects of the four different predictors on participants' trajectories of evening fatigue, Figure 2 displays the adjusted change curves for evening fatigue that were estimated based on differences in age (i.e., younger or older based on one standard deviation (SD) above and below the mean age of the participants), gender, genotype (AA or AT/TT), and baseline level of evening fatigue (i.e., lower fatigue or higher fatigue calculated based on one SD above and below the mean baseline evening LFS score).
Morning Fatigue-The estimates of the quadratic change model are presented in Table 2 (unconditional model). Because the model had no covariates (i.e., unconditional), the intercept represents the estimated amount of morning fatigue (i.e., 2.43) at the time of the simulation visit. The estimated linear rate of change in morning fatigue, for each additional week, was 0.035 (P≤0.01) and the estimated quadratic rate of change per week was −0.002 (P<0.0001).
As shown in the final model in Table 2 , the two variables that predicted inter-individual differences in the intercept for morning fatigue were age and genotype. Baseline morning fatigue was entered in Level 2 as a predictor of the slope parameters to control for intraindividual differences in morning fatigue at baseline. The two variables that predicted interindividual differences in the slope parameters for morning fatigue were age and baseline level of morning fatigue.
To illustrate the effects of the three different predictors on participants' trajectories of morning fatigue, Figure 3 displays the adjusted change curves for morning fatigue that were estimated based on differences in age (i.e., younger or older based on one SD above and below the mean age of the participants), genotype (AA or AT/TT), and baseline level of morning fatigue (i.e., lower fatigue or higher fatigue calculated based on one SD above and below the mean baseline morning LFS score).
Sleep Disturbance-The estimates of the linear change model are presented in Table 2 (unconditional model). Because the model had no covariates (i.e., unconditional), the intercept represents the estimated amount of sleep disturbance (i.e., 41.05) at the time of the simulation visit. The estimated linear rate of change in sleep disturbance, for each week, was −0.144 (P<0.0001).
As shown in the final model in Table 2 , the two variables that predicted inter-individual differences in the intercept for sleep disturbance were age and genotype. Baseline sleep disturbance was entered in Level 2 as a predictor of the slope parameter to control for intraindividual differences in sleep disturbance at baseline. The variable that predicted interindividual differences in the slope for sleep disturbance was baseline level of sleep disturbance.
To illustrate the effects of the three different predictors on participants' trajectories of sleep disturbance, Figure 4 displays the adjusted change curves for sleep disturbance that were estimated based on differences in age (i.e., younger or older based on one SD above and below the mean age of the participants), genotype (AA or AT/TT, and baseline level of sleep disturbance (i.e., lower sleep disturbance or higher sleep disturbance calculated based on one SD above and below the mean baseline GSDS score).
Discussion
This study is the first to provide preliminary evidence of a genetic association between a functional promoter polymorphism in the IL6 gene and the severity of evening fatigue, morning fatigue, and sleep disturbance in a sample of oncology patients and their FCs. Consistent with our a priori hypothesis, common allele homozygotes for the IL6 -6101 A>T polymorphism reported higher overall levels of evening fatigue, morning fatigue, and sleep disturbance. While serum levels of IL6 were not available for the participants in this study, the higher symptom severity scores in the common allele homozygotes may be partially explained by the fact that the -6101 A>T SNP is in complete LD with the -6331 T>C SNP. Since Smith and colleagues (27) found that common allele homozygotes for the -6331 T>C SNP had 74% higher serum concentrations of IL6 than the CC genotype and previous studies in oncology patients suggest that higher levels of IL6 are associated with higher levels of fatigue (24, 25) , data from this study support the hypothesis that -6101 A>T is an appropriate surrogate marker for the functional -6331 T>C SNP that results in higher serum levels of IL6. Additional research is warranted to replicate this finding and to evaluate serum levels of IL-6 associated with this genetic variation. Nevertheless, the findings provide further evidence that pro-inflammatory cytokines may be involved in the development of the symptoms associated with sickness behavior (47, 48) .
Several other findings from this study are worth noting. First, the mean levels of evening fatigue, morning fatigue, and sleep disturbance reported by the entire sample are below the cutpoints for clinically significant levels of these three symptoms (i.e., ≥5.6, ≥3.2, and ≥43.0, respectively) (15) . However, when the mean symptom severity scores for the common allele homozygotes were compared to the carriers of the rare allele, they approached these cutpoints (i.e., 4.9 versus 4.1 for evening fatigue, 2.6 versus 2.2 for morning fatigue, and 41.7 versus 35.5 for sleep disturbance; see Figure 1 ). In addition, the differences in mean evening fatigue, morning fatigue, and sleep disturbance scores between the common allele homozygotes (AA) and the IL-6 minor allele carriers represent not only statistically but clinically significant differences in these three symptoms based on calculations of effect sizes (i.e., d = 0.39, 0.22, and 0.38, respectively). This conclusion is based on reports that suggest that minimally important differences in symptom severity scores are in the range of 0.20 to 0.50 standard deviation units (49, 50) .
For all three symptoms, younger age was associated with higher symptom severity scores at the initiation of RT. However, age was only associated with the trajectory of morning fatigue. The finding of increased symptom severity scores in younger oncology patients is consistent with previous reports (51, 52) , as well as with our findings with TNF-α (26) . Future studies with larger samples need to evaluate the interaction between age and IL6 genotype because a study of the general population demonstrated that plasma levels of IL6 increased with age in both men and women (r=0.28 and r=0.22, P<0.001, respectively) (28).
The finding that female participants reported higher levels of evening fatigue at the initiation of RT warrants additional investigation. Studies of gender differences in fatigue in oncology patients and their FCs have produced inconsistent results (53) with some studies reporting no differences (3, 54) and others reporting higher severity scores in females (55) (56) (57) . One potential reason for the gender differences in evening fatigue found in this study is that female patients and FCs may have additional responsibilities (e.g., child care) that would result in higher levels of self-reported fatigue, particularly in the evening.
The fact that even after controlling for baseline levels of the three symptoms, the severity of evening fatigue, morning fatigue, and sleep disturbance at the initiation of RT predicted the trajectories of these three symptoms has important implications for clinicians. While clinicians may assess fatigue severity at the initiation of cancer treatment and prescribe interventions for patients with high levels of fatigue, data from this study suggest that individuals with lower levels of morning fatigue and sleep disturbance may be at greater risk for worse symptom trajectories over the course of the patient's treatment.
Another interesting finding is that no differences in mean fatigue and sleep disturbance scores were found between patients and FCs. In both groups of participants, fatigue and sleep disturbance scores were in the moderate range. This finding adds support to the idea that both patients and FCs are affected by the cancer experience and require support with symptom management (15, 17, 19) Several limitations of this study need to be acknowledged. Because of the relatively small sample size, additional research is warranted to validate this candidate gene association in a large, independent sample and to test for gene × environment interactions, as well as for gene × gene interactions (i.e., epistasis). Future studies need to evaluate additional SNPs for IL-6. In addition, the measurement of plasma IL6 levels may allow for more definitive conclusions to be drawn about the association between IL6 genotype and symptom severity. This type of analysis might help to determine the underlying mechanisms for fatigue and sleep disturbance in oncology patients and their FCs.
In conclusion, these findings provide preliminary evidence that pro-inflammatory cytokines may play a role in the development of fatigue and sleep disturbance in oncology patients and their FCs who are experiencing a variety of stressors associated with cancer and its treatment. Additional studies of genetic variation in other pro-inflammatory cytokines are warranted to test this hypothesis. Influence of age (A), gender (B), and genotype (C) on inter-individual differences in the intercept for evening fatigue and the influence of baseline level of evening fatigue (D) on the slope parameters for evening fatigue. Influence of age (A) and genotype (B) on inter-individual differences in the intercept for morning fatigue and the influence of baseline level of morning fatigue (C) on the slope parameters for morning fatigue. Influence of age (A) and genotype (B) on inter-individual differences in the intercept for sleep disturbance and the influence of baseline level of sleep disturbance (C) on the slope parameter for sleep disturbance. 
